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Abstract 
Design knowledge and experience are the basis to carry out aircraft conceptual design tasks due to the high complexity and 
integration of the works involved in this phase. Aircraft designers need a computer-aided design package to help them easily carry 
out conceptual design tasks with their individual strategies. This paper presents a set of web-based aircraft design software 
framework called Aircraft Design Pad (ADP). The architecture of this web-based software is open so that users can wrap add-on 
extensions and make their own aircraft conceptual design system. Design and development aspects of ADP are discussed in this 
paper and a design case is presented to demonstrate its usability and effectiveness. 
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1.  Introduction  
 Aircraft conceptual design is an information intensive engineering process full of evaluation and decision-making 
[1]. Due to the high complexity and integration of the tasks that should be completed during conceptual design phase 
which contains initial concepts generation, analysis, evaluation, optimization, etc., and considering the fact that all 
these tasks should be accomplished in a short period of time, design knowledge and experience play a very important 
role in this process. The designers use their knowledge gained through years of practice to carry out the conceptual 
design tasks and accelerate the design process. However, these knowledge and experience are mainly in the designers’ 
brain and can hardly be shared and reused by others. Hence, it would be beneficial to use advanced software methods 
to transform this knowledge into software tools and systems that can help aircraft designers carry out conceptual 
design tasks and lessen their burden. 
In order to improve the quality and efficiency of the conceptual design, many researches have been conducted and 
several aircraft conceptual design software systems have been explored during the last few years. AAA [2], ACSYNT 
[3], RDS [4] and SEACD [5] are typical systems among them. Though these systems can provide support for 
performing aircraft conceptual design tasks to a certain extent, they can hardly fulfill all the demands of the aircraft 
designers because those are closed systems. The design of different types of aircrafts, such as military aircrafts and 
civil airplanes, requires different knowledge-based conceptual design methods and different designers may need 
individual tools to fulfill their own demands even in carrying out the same task. Therefore, the ideal system for the 
aircraft conceptual design must be an open and extensible environment so that users can wrap add-on knowledge-
based extensions and create their own aircraft conceptual design systems.  
To achieve the objective mentioned above, this paper highlights the development and characteristics of the Aircraft 
Design Pad (ADP), an open and knowledge-based aircraft conceptual design environment. The paper also presents a 
civil airplane design system which is constructed using ADP. A civil airplane design case is completed to prove the 
effectiveness of the environment. 
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2. The Architecture and Characteristics of ADP 
2.1. The Architecture of ADP 
ADP is developed based on web technology. The architecture of ADP contains two levels as shown in Figure 1. 
The first level is ADP Basic Suite which contains two parts: One is the Knowledge Component Engine (KCE) and 
the other is the Extensible Basic Database (EBD). 
KCE is an engine with which designers can make their own aircraft conceptual design systems. Knowledge 
Wrapper of KCE can be used to wrap designers’ knowledge so as to create the knowledge components which can be 
turned into the software tools and application systems that can be easily reused. KCE will store these knowledge 
components in its Knowledge Server through the web. When users carry out the tasks of aircraft conceptual design, 
they can download appropriate knowledge components from Knowledge Server to their local PC to help with the 
design.  
EBD is a basic open database frame with which designers can construct databases needed. Users can use EBD to 
easily construct any type of databases they want, such as aircraft library, aircraft’s engine Library, airfoil library, etc. 
The second level of ADP is the different types of conceptual design systems which are built with ADP Basic Suite. 
Each of the systems contains an engineering component and a basic supporting database. Two demonstrative conceptual 
design systems have been made in ADP: One is Civil Airplane Conceptual Design System and the other is Military 
Aircraft Conceptual Design System. 
2.2. Methodology for Constructing Knowledge Component in ADP 
The ADP Basic Suite uses KCE to provide powerful knowledge wrapping and applying capabilities to support 
engineering teams in the entire conceptual design process. The whole workflow of the application of KCE is shown in 
Figure 2. 
The essential work of wrapping a knowledge component in ADP consists of the following two aspects: 
Constructing the description of the product data and wrapping the methods and tools which can generate the data to 
describe the product. 
In ADP, the description of the product data which involves the product and its subassemblies is in a hierarchical 
structure. This description structure consists of both geometric nodes and non-geometric nodes. For example, the 
description of a typical military aircraft includes the data of its geometry, aerodynamic, weight, performance, stealthy 
and cost, as well as the relationships between the nodes such as parameter passing, formulas and other information. 
The ADP Knowledge Wrapper provides a tool called Contents Manager with which designers can easily define the 
description of the product and the relations between the nodes without programming. 
After the description of the product data is defined, it is necessary to wrap the methods and tools which can generate 
the product data, including design methods and analysis approaches. Designers can wrap the design and analysis 
methods of complex mathematical calculations, in-house programs and even commercial CAD, CAE software like 
CATIA and Fluent. None of the wrapping works need the users to program because ADP Knowledge Wrapper provides 
a non-programming wrapping tool called Flexible Extension Tool, with which designers can wrap algorithms and in-
house programs, and make secondary development in commercial software. 
Figure 1.  The architecture of ADP. 
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When the two aspects of defining works mentioned above are finished, a knowledge component is packaged and then 
published on the Knowledge Server. Users can then use these knowledge components as the building blocks to build 
their own aircraft conceptual design systems. 
2.3. The Extensible Basic Database of ADP 
EBD is another main part of the ADP Basic Suite. It is a web-based and extensible database system, with which 
designers can construct the databases used during the conceptual design phase without programming. EBD is based on 
Brower/Server architecture. 
Users can develop a database using EBD through the following steps: First, define the hierarchical structure of the 
data. Then configure the attributes of the data, and finally upload the data to the nodes of the hierarchical structure. 
To meet the above requirements, EBD provides the following basic features: 1) The capability of data management; 
2) The capability of data searching; 3) The capability of data viewing; 4) The capability of data analysis. 
EBD supports the following formats of data: numeral data, character data, file data, model data, picture data, video 
data, etc. 
3. The Civil Airplane Conceptual Design System of ADP 
In order to provide convenience to the users of ADP as much as possible, two built-in web-based aircraft conceptual 
design systems, namely, Civil Airplane Conceptual Design System (CACDS) and Military Aircraft Conceptual Design 
System (MACDS), have been constructed using ADP Basic Suite. Designers can either use these systems to carry out 
engineering tasks or make add-on extensions upon these systems. The features and characteristics of Civil Airplane 
Conceptual Design System are presented below. 
3.1. The Architecture of CACDS 
CACDS contains three levels as shown in Figure 3. The first level contains the basic databases which are 
constructed by the EBD of ADP Basic Suite can provide data used in the design process. The second level contains the 
design and analysis components with which designers can carry out design tasks. The components are wrapped by KCE 
of ADP Basic Suite. The third level is the management layer. By using this layer designers can launch multidisciplinary 
design optimization tasks and manage all the data generated in the design process. All three layers are integrated in the 
ADP operation and integration framework.  
3.2. The Geometric Modeling Methods and Tools 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
It is required to wrap the design and analysis methods and tools to aid designers to carry out the design work in 
CACDS. In the field of the airplane’s geometric modeling, the CACDS has wrapped and integrated CATIA as its 
modeling tool. The authors of this paper have employed the Flexible Extension Tool of ADP Knowledge Wrapper to 
conduct the secondary development in CATIA and have created useful modeling tools of CACDS. A series of 
parametric modeling tools are provided in CACDS, including fuselage modeling tool, wings modeling tool, aircraft 
structure modeling tool, cabin configuration modeling tool, landing gears modeling tool, etc. 
 
Figure 2.  The workflow of the application of KCE. 
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3.3. The Weight Calculation Methods and Tools 
In CACDS, the weight calculation methods contain two parts: the estimation of weight and the calculation of the 
center of gravity. 
To estimate the weight in the conceptual design phase, CACDS wraps the weight calculation algorithm of AAA [2] 
and makes some add-on extensions, such as generating charts and reports after calculations. 
The calculation of the center of gravity module in CACDS involves a secondary development tool based on CATIA. 
Therefore, it can calculate the center of gravity of the models generated by CACDS. 
3.4. The Aerodynamic Calculation Methods and Tools 
The objective of aerodynamic calculation in CACDS is to get the Cl, Cd, Clα, Clmax, Cd0 and Cl/Cd characteristics 
under different Ma and altitudes. There are three levels of aerodynamic calculation tools integrated in CACDS. Users 
can get the characteristics mentioned above through all of them, but the accuracy of the results and the calculation 
time required are different. 
The tools of the first level are based on engineering algorithm and interpolation of data in aerodynamic databases. 
On this level, CACDS integrates an in-house program called ASAero.  
The tools of the second level are based on the surface area element method and Euler method. On this level 
CACDS integrates PANAIR [6] based on the surface area element method. 
The tools of the third level are commercial CFD software. On this level, CACDS integrates CFX [7]. 
3.5. Other Defining and Analyzing Methods and Tools in CACDS 
 The propulsion data is an important input data for the analysis of flight performance, cost and other evaluation 
aspects.The propulsion data in CACDS focuses on the propulsion’s physical characteristics, thrust characteristics and 
the characteristics of fuel consumption. CACDS provides a propulsion data defining module, in which users can either 
define propulsion data manually or select powerplant and load its data from powerplant library of CACDS. 
 Flight performance is an essential aspect in the assessment of civil airplanes. During the conceptual design phase 
of a civil airplane, its flight performance mainly involves its take-off performance, climb performance, descent 
performance, landing performance and cruise performance. In order to analyze the results mentioned above, CACDS 
integrates an in-house performance analysis tool called STARPerform. When designers carry out a flight performance 
analysis task in CACDS, the parameters needed will be automatically passed on to STARPerform because they have 
been defined in other modules of CACDS, such as geometry, aerodynamic, weight and propulsion data. Thus users 
can get the results quickly and conveniently.  
Cost is another evaluation factor which must be taken into consideration during the conceptual design phase of civil 
airplanes. Based on some amendments of the calculation algorithm of AAA [2], CACDS wraps a new cost analysis tool 
called STARCost, which focuses on the calculation of civil airplanes’ life cycle cost and direct operating cost and helps 
users to analyze the cost of their concepts.  
3.6. Optimization methods and tools 
To enable designers to optimize their concepts in an easy and efficient way, CACDS integrates ModelCenter [8] as 
its optimization tool and wraps a series of optimization templates, such as direct operating cost optimization template, 
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flight performance optimization template, multi-objective optimization template of aerodynamic and weight, etc. Users 
can either use these templates to carry out optimization tasks or define their own optimization activities in CACDS. 
3.7. The Basic Databases of Civil Airplane Conceptual Design System 
CACDS has developed a series of built-in web-based libraries using EBD of ADP Basic Suite. The libraries are 
presented as follows: 
1) Airplane Library, which is fully extensible and contains a wide range of planes’ physical and performance data.  
2) Airfoil Library, which stores over one thousand pieces of airfoils’ data such as NACA series, GOE series, 
EPPLER series, etc. 
3) Powerplant Library, which stores the powerplant data. 
4) Seat Library, which stores different types of seats’ data. 
4. Case Study 
To demonstrate the usability of ADP, a design case, which is a 150 seat, single aisle civil airplane named CJX, is 
presented based on the functions of CACDS. 
The authors of this paper modeled the CJX with the geometry module of CACDS. The fuselage, wings, 
empennages, nacelles and other basic components were constructed. The geometry of CJX is shown in Figure 4. 
After the geometry modeling, a series of analysis were conducted. The analysis of weight and cost were carried out 
through the module of weight calculation and cost estimation module of CACDS. The calculation result of the 
maximum take-off weight of CJX is 73804.94kg. The calculation result of the life cycle cost of CJX is 115288.01 
million dollars. 
The aerodynamic characteristics of CJX were analyzed using PANAIR in CACDS. The aerodynamic 
characteristics of the wings were explored. By using the functions provided in CACDS of automatic grid generation 
and fast calculation in PANAIR, it was found that when the attack angle is 2.51 degree, the maximum lift-drag ratio of 
the wings in Ma 0.78 on the altitude of 11000 meters is 34.55. 
The optimization of CJX was also carried out. The optimization template of the cost defined in CACDS is used to 
get the lowest direct operating cost of the concept. Table 1 lists the main data of the initial and optimized concepts. 
5. Conclusions 
An open and knowledge-based aircraft conceptual design system, called Aircraft Design Pad (ADP) is presented in 
this paper. It provides the possibility of allowing users to wrap individual knowledge components and databases to 
make their own aircraft conceptual design system. This paper presents the architecture of ADP, the methodology of 
constructing knowledge-based components and the Extensible Basic Database of ADP. A built-in web-based civil 
airplane conceptual design system which is constructed using ADP Basic Suite, called Civil Airplane Conceptual 
Design System (CACDS), is also introduced in this paper. The possibility of carrying out conceptual design tasks in 
CACDS has been tested through a design case. According to the validation of the design case, the results have justified 
the feasibility, reliability and application prospects of ADP.  
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Figure 4.  The geometry of CJX. 
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TABLE I.  COMPARISON BETWEEN THE INITIAL CONCEPT AND THE OPTIMUM 
Parameter, units Allowable range Initial concept Optimum 
Optimization  objective DOC, dollar/nautical mile ---- 15.9191 15.6183 
Design variables 
Spanwise length of the inboard wing (one side), m 5.2~7.2 6.412 5.2 
Taper ratio of the inboard wing 0.44-0.6 0.52 0.596563 
Sweep of the inboard wing, deg 22-32 27.39 22 
Wing Root Chord Length, m 6.4~7.12 6.921 7.2 
Spanwise length of the outboard wing (one side), m 9-10.5 9.84 9 
Taper ratio of the outboard wing 0.3-0.45 0.406 0.3 
Sweep of the outboard wing, deg 22-32 27.39 22 
Constraints Wing loading, kg/m
2 540-620 588.49 578.17 
Drag coefficient of wing <0.01521 0.01521 0.015004 
 
